Classic (complete) lecithin:cholesterol acyltransferase (LCAT) deficiency and Fish-eye disease (partial LCAT deficiency) are genetic syndromes associated with markedly decreased plasma levels of high density lipoprotein (HDL) cholesterol but not with an increased risk of atherosclerotic cardiovascular disease. We investigated the metabolism of the HDL apolipoproteins (apo) apoA-I and apoA-II in a total of five patients with LCAT deficiency, one with classic LCAT deficiency and four with Fish-eye disease. Plasma levels ofapoA-II were decreased to a proportionately greater extent (23% of normal) than apoA-1
Introduction
Epidemiologic studies have consistently demonstrated that plasma concentrations of HDL cholesterol are inversely corre-However, the physiologic mechanism(s) by which HDL may protect against premature CHD are not well understood. HDL are heterogeneous in size, hydrated density, and apolipoprotein composition. The major apolipoproteins in HDL are apoA-I and apoA-II. Plasma concentrations of apoA-I have been shown to have a strong inverse correlation with risk of CHD, whereas a correlation of CHD risk with apoA-II levels has not been consistently demonstrated (2) . The plasma catabolism of apoA-II is slower than that of apoA-I in normal human subjects (3) (4) (5) (6) , suggesting that these apolipoproteins have divergent in vivo metabolism.
There are several subclasses of apoA-I-containing particles within HDL, including particles that contain both apoA-I and apoA-II (LpA-I:A-II) and those that contain apoA-I but not apoA-II (LpA-I) (7, 8) . In normal individuals, approximately one third of plasma apoA-I is in LpA-I and two thirds in LpA-I:A-II (8) (9) (10) . LpA-I and LpA-I:A-II have different in vivo metabolism in normal subjects, with more rapid catabolism of apoA-I on LpA-I ( 11) . Several lines of evidence suggest that LpA-I, but not LpA-I:A-II, may be a specific "anti-atherogenic" particle within HDL. These include epidemiologic (12) (13) (14) , cell culture ( 15), and whole animal (16) (17) (18) studies.
One mechanism by which HDL are believed to protect against CHD is through a process termed "reverse cholesterol transport." In this process, HDL facilitates the removal of excess unesterified cholesterol from peripheral cells, after which the cholesterol is esterified by the plasma enzyme lecithin:cholesterol acyltransferase (LCAT) (19) (20) (21) (22) . Hence, LCAT is believed to play an important role in the process ofreverse cholesterol transport: by esterifying cholesterol in HDL it creates a gradient of unesterified cholesterol from cells to HDL particles and permits the specific transport ofcholesteryl ester within the hydrophobic core of lipoprotein particles.
Two general types of genetic LCAT deficiency have been described in humans. The first, complete (or classic) LCAT deficiency, is characterized clinically by corneal opacities, anemia, and usually progressive proteinuria and renal insufficiency (23) . Very low plasma levels ofHDL cholesterol, a high fraction of plasma cholesterol in the unesterified form, and virtually complete absence of cholesterol esterification in the plasma are the biochemical hallmarks of this disorder. Several different mutations in the LCAT gene have been described in 1 . Abbreviations used in this paper: CER, cholesterol esterification rate; CHD, coronary heart disease; FCR, fractional catabolic rate; FSR, fractional synthetic rate; LpA-I:A-II and LpA-I, lipoprotein particles that contain both apoA-I and apoA-II and those that contain apoA-I but not apoA-II, respectively. patients with classic LCAT deficiency (24) (25) (26) (27) (28) (29) . A second type of LCAT deficiency is a partial deficiency that has been designated Fish-eye disease (23) . The clinical features similar to classic LCAT deficiency include corneal opacities and very low levels of HDL cholesterol. However, Fish-eye disease patients have no anemia or renal disease, the fraction of plasma cholesteryl ester is normal, and there is clearly detectable cholesterol esterification activity in the plasma. The initial patients reported with Fish-eye disease had evidence of cholesterol esterification in apoB-containing lipoproteins but not in HDL (30, 31 ) . At least four different molecular defects in the LCAT gene have been described in patients with Fish-eye disease (32) (33) (34) (35) .
In addition to the low plasma levels of HDL cholesterol, both types of LCAT deficiency are associated with very low plasma levels of both apoA-I and apoA-II. Notably, despite the markedly low levels of HDL cholesterol, apoA-I, and apoA-II, there is no apparent increased risk ofpremature atherosclerotic cardiovascular disease in either complete or partial LCAT deficiency (23) . In order to gain further insight into the metabolic basis of the hypoalphalipoproteinemia and the absence of premature cardiovascular disease in these disorders, we investigated the in vivo metabolism of apoA-I, apoA-II, LpA-I, and LpA-I:A-II in five probands with complete or partial LCAT deficiency using both exogenous radiotracer and endogenous stable isotope labeling techniques.
Methods
Study subjects. One patient with complete (classic) LCAT deficiency and four patients with partial LCAT deficiency (Fish-eye disease) were investigated. Their clinical characteristics are summarized in Table I . The complete LCAT-deficient patient (no. 1 ) presented at the age of 17 yr with proteinuria and anemia. A renal biopsy was consistent with the diagnosis of classic LCAT deficiency. His older brother, who also has LCAT deficiency, developed renal failure at the age of 28 yr requiring dialysis. Their renal histopathology has been previously reported (36). At the time of his kinetic study, the patient had moderate proteinuria and mild renal insufficiency but no evidence of nephrotic syndrome (Table I) . His molecular defect has not been established.
One partial LCAT-deficient patient (no. 2) was diagnosed at the age of 17 yr when found to have a very low plasma HDL cholesterol and has been previously reported (37) . He was recently determined to be a compound heterozygote for two missense mutations in the LCAT gene: Met252 to Lys and Asn391 to Ser (H. Pritchard, unpublished data). Two of the probands with partial LCAT deficiency (nos. 3 and 4) are siblings who were diagnosed at the ages of 53 and 49 yr after a long history of corneal opacities, requiring corneal transplant in one (38) .
Both were recently found to be homozygotes for a deletion of Leu3w in the LCAT gene (35 Both exogenous radiotracer and endogenous stable isotope labeling methods were used to investigate apoA-I and apoA-II kinetics. Three patients (nos. 2-4) had simultaneous exogenous radiotracer and endogenous stable isotope kinetic studies performed, whereas the complete LCAT-deficient patient (no. 1 ) had a radiotracer study and one partial LCAT-deficient patient (no. 5) had a stable isotope study performed.
Control subjects were healthy and had normal fasting plasma lipid and apolipoprotein levels. During the studies, all study subjects were placed on a controlled metabolic diet containing 47% carbohydrate, 37% fat, 16% protein, and 200 mg cholesterol per 1,000 kcal. The protocols were approved by the Internal Review Board of the National Heart, Lung, and Blood Institute and all study subjects gave informed written consent.
Exogenous radiotracer studies. ApoA-I and apoA-II were isolated from the HDL of a healthy subject with normal lipid values by gel permeation and ion exchange chromatography as previously described (40, 4 1). Apolipoproteins were iodinated by a modification of the iodine monochloride method as previously reported ( 11) . Approximately 0.5 mol iodine was incorporated per mol protein. '251-apoA-I and '3'I-apoA-II were reassociated with autologous plasma and dialyzed extensively to remove free iodine. Human serum albumin was added to a final concentration of 5% (wt/vol). Samples were sterile filtered and tested for pyrogens and sterility.
1 d before the start of the study, the subjects were given potassium iodide at a dose of 900 mg/d in divided doses and this was continued for the duration of the study. After a 12-h fast, subjects were injected intravenously with the iodinated apolipoproteins. Blood was drawn into tubes containing EDTA (0.1%) 10 min after injection and then at selected time points through 14 d. Urine was collected continuously through 14 d. Radioactivity in plasma and urine was quantitated in a Cobra gamma counter (Packard Instrument Co., Downers Grove, IL). Residence times (RT) were obtained from the area under the plasma radioactivity curves using a multiexponential computer curve-fitting technique (42) . Fractional catabolic rates (FCR) are the reciprocal of residence times. The fractional standard deviations of the kinetic parameters were always < 2%. Apolipoprotein production rates (PR) were determined using the formula: PR = (plasma apolipoprotein concentration) X .(volume of distribution)/(RT) x (body weight). The volume of distribution was determined by isotope dilution from the 10-min plasma sample. Abbreviation: BMI, body mass index.
Endogenous stable isotope studies. Endogenous labeling of apoA-I and apoA-II with a stable isotopically labeled amino acid was performed in all four partial LCAT-deficient patients. The labeled amino acid used was a three-times deuterium-labeled L-leucine, with the three deuteriums positioned on the methyl group (MSD Isotopes, St. Louis, MO). The D3-leucine was dissolved in physiological salt solution, sterile filtered, and tested for pyrogenicity and sterility before the study. The D3-leucine was administered as a priming bolus of 1.2 mg/kg, immediately followed by a constant infusion of 24 Ag/kg-min over a period of 12-16 h. Blood samples were drawn 10 min before the priming bolus and then at selected times during the course of the constant infusion. During the infusion meals were provided in small equal portions every 2 h.
Free plasma amino acids were isolated from 0.5 ml of plasma by cation exchange column chromatography as previously described (43) . Apolipoproteins were analyzed for enrichment with the D3-leucine as previously described (44) . Briefly, lipoprotein subfractions were isolated by sequential ultracentrifugation of 5 ml of plasma from selected time points. In addition, total plasma lipoproteins were isolated after adjusting the plasma to a density of 1.25 g/ml and ultracentrifuging for 8 h in a tabletop model TL-100 ultracentrifuge (Beckman Instruments, Inc., Fullerton, CA). ApoB-I00, the major structural protein of VLDL, was isolated from delipidated VLDL by preparative discontinuous gradient SDS-PAGE (5/15% acrylamide). ApoA-I and apoA-II were isolated from the total plasma lipoprotein fraction by 5/15% SDS-PAGE (apoA-I) and preparative isoelectric focusing (apoA-II). Apolipoproteins were hydrolyzed and amino acids were recovered by cation exchange chromatography and derivatized to the N-heptafluorobutyryl isobutyl esters.
The isotope ratios ofD3-leucine were quantitated by gas chromatograph-mass spectrometry on a Finnigan MAT model 4500 (Finnigan MAT, San Jose, CA) in the chemical ionization mode. The selected positively charged ions of384 m/z for leucine and 387 m/z for D3-leucine were monitored. At least three measurements were made of each apolipoprotein at each time point. The isotope ratio (IR) was defined as the ratio of D3-leucine to unlabeled leucine. The enrichment (e) was determined by the formula e = (IR, -IRO) X 100, where IR, is the isotope ratio at time t and IRO is the isotope ratio at time 0 (45). The enrichment was then converted to the tracer/tracee ratio (45) by using the formula tracer/tracee ratio = e(t)/[e, -e(t)], where e(t) is the enrichment of each sample at time t, and e, is the enrichment of the infusate (0.99 for the D3-leucine used in this study).
The tracer/tracee ratio data of VLDL apoB-100, apoA-I, and apoA-II were simultaneously fitted to monoexponential functions using the SAAM 30 program (42 Tracer/tracee ratios from VLDL apoB-100, apoA-I, and apoA-II were simultaneously analyzed using the VLDL apoB-100 plateau tracer/ tracee ratio as the estimate of the precursor pool IE for VLDL apoB-100 and plasma apoA-I and apoA-II (44, 46, 47) . Theoretical concerns have been raised about the use of VLDL apoB-100 (a primarily liverderived protein) to estimate precursor enrichment for apoA-I (a protein derived from both liver and intestine). However, we have established that apoA-I FSRs determined by using the VLDL apoB-100 plateau tracer/tracee ratio as an estimate of the precursor pool tracer/ tracee ratio for apoA-I synthesis were in excellent quantitative agreement with apoA-I FCRs obtained simultaneously using exogenously radiolabeled apoA-I (48) . Furthermore, in one patient with very rapid catabolism of apoA-I, the apoA-I tracer/tracee ratio reached a plateau that was 91% that of VLDL apoB-100 (49). Hence, the use of the VLDL apoB-100 plateau represents a reasonable estimate of apoA-I precursor tracer/tracee ratio.
Isolation ofLpA-I and LpA-I.A-II by immunoaffinity chromatography. LpA-I and LpA-I:A-II were isolated as previously described ( 11) . 60 ul of plasma from selected time points after injection was applied to small analytical anti-apoA-II immunoaffinity columns equilibrated with PBS/0.0 I% EDTA. Nonspecific binding was removed by washing with 1 M NaCl, and the apoA-II-containing particles (LpA-I:A-II) bound to the column were eluted with 3 M NaSCN. The radioactivity in both the nonretained and retained fractions was quantitated. No radiolabeled apoA-II was found in the nonretained fraction from the anti-apoA-II column. The quantity of radiolabeled apoA-I in the nonretained (LpA-I) and retained (LpA-I:A-II) was determined as a fraction of the total recovery from the column.
Ultracentrifugation procedures. VLDL, LDL, HDL2, HDL3, and the d > 1.21 g/ml fractions were isolated from 5 ml of plasma by sequential ultracentrifugation (50) and tube slicing. Radioactivity in the supranatant and infranatant fractions was determined after each centrifugation, and the ratio of radioactivity in the top/(top + bottom) was used to determine the total radioactivity in each density fraction at each time point.
Analytical methods. LCAT activity and the cholesterol esterification rate (CER) in plasma were determined as previously reported (51 ) . Plasma cholesterol and triglycerides were quantitated by automated enzymatic techniques on a model VPSS analyzer (Abbott Laboratories, North Chicago, IL). HDL cholesterol was quantified in plasma after dextran sulfate precipitation (52). Plasma apoA-I and apoA-II concentrations were determined by immunoturbidimetric assay (Boehringer-Mannheim GmbH, Mannheim, FRG). The plasma LpA-I concentration was measured by the method described by Parra et al. ( 10) and expressed as the apoA-I mass (mg) in LpA-I per volume plasma (dl). The apoA-I concentration in LpA-I:A-II was obtained by subtracting the LpA-I value from the total plasma apoA-I concentration.
Results
Lipoprotein and apolipoprotein analysis. The lipid and apolipoprotein concentrations, LCAT activity, and CER of the study subjects are included in Table II . All five patients had very low levels of LCAT activity as determined with the proteoliposome assay. The absence of CER is characteristic of complete LCAT deficiency, whereas the presence of some cholesterol esterification biochemically confirms the diagnosis of partial LCAT deficiency. The triglycerides were substantially elevated in the complete LCAT-deficient patient and variably elevated in the partial LCAT-deficient patients. ApoA-I levels were decreased to 30% of normal and apoA-II levels to 23% of normal. Plasma levels of LpA-I were decreased to 51 % of normal and levels of LpA-I:A-II were markedly decreased to 18% of normal. An average of 62% of apoA-I was present in LpA-I in the LCAT-deficient patients compared with only 35% in the control subjects. Therefore, in both complete and partial LCAT deficiency, there is a disproportionate decrease in plasma levels of apoA-II and LpA-I:A-II compared with apoA-I and LpA-I.
ApoA-I and apoA-II kinetics. The apoA-I and apoA-II radiotracer plasma curves in the LCAT-deficient patients compared with representative control subjects studied at the same time with the same radiolabeled apolipoproteins are illustrated in Fig. 1 . Both apoA-I and apoA-II were rapidly catabolized compared with controls. In contrast to the control subjects, apoA-II was consistently catabolized substantially faster than apoA-I in the LCAT-deficient patients. This rapid disappearance of the radiolabeled apoA-I and apoA-II from the plasma was not due to differential extravascular redistribution of the radiolabeled apolipoproteins. This is established by the urine to plasma ratios shown in Fig. 2 . Because urinary radioactivity represents catabolism of the radiotracer, the higher urine to plasma ratios in the LCAT-deficient patients confirm that
ApoA-II Catabolism in Lecithin:CholesterolAcetyltransferase Deficiency 323 Time (days) apoA-I and apoA-II were catabolized much more rapidly in the patients than in controls. Furthermore, in all patients the apoA-II urine to plasma ratios were higher than those ofapoA-I, consistent with more rapid catabolism of apoA-II.
In the four partial LCAT-deficient patients, endogenous labeling of apoA-I and apoA-II was performed using D3-leucine. The leucine isotopic enrichment curves for apoA-I and apoA-II in these patients are illustrated in Fig. 3 . The slope of the isotopic enrichment curve is proportional to the fractional rate of turnover of the apolipoprotein. Endogenous labeling confirmed the rapid turnover of apoA-I and apoA-II in these four patients compared with normal controls. This method also confirmed that apoA-II turnover was faster than that of apoA-I in all four partial LCAT-deficient patients.
The kinetic parameters of apoA-I and apoA-II metabolism are summarized in Table III . ApoA-I was catabolized 2.4 times faster than normal in the complete LCAT-deficient patient and a mean of 2.2 times faster in the partial LCAT-deficient patients. ApoA-II was catabolized 3.0 times faster than normal in the complete LCAT-deficient patient and a mean of 3.1 times faster in the partially deficient patients. Production rates of both apoA-I and apoA-II were relatively normal in all patients, indicating that the decreased plasma levels of apoA-I and apoA-II were due solely to rapid catabolism of these apolipoproteins.
LpA-I and LpA-I.A-I kinetics. The catabolism ofapoA-I in
LpA-I and LpA-I:A-II in the LCAT-deficient patients and 10 normal subjects is illustrated in Fig. 4 . In normal subjects, apoA-I in LpA-I is catabolized faster than that in LpA-I:A-II. In contrast, in the LCAT-deficient patients, apoA-I in LpA-I:A-II was catabolized much faster than that in LpA-I. There was an initial increase in the radiolabeled apoA-I associated with LpA-I in these patients, suggesting that there may have been transfer from LpA-I:A-II. Density subfraction distribution and kinetics. The percent distribution ofthe radiolabeled apoA-I and apoA-II in lipoprotein subfractions 10 min after injection is provided in Table IV . The patients had a substantial amount of HDL2 apoA-I (39% of total) and apoA-II (48% of total), and HDL3 apoA-I (28%) and apoA-II (42%). There was significantly more apoA-I in the "lipid deficient" fraction (d > 1.21 g/ml) in the LCAT-deficient patients (28%) compared with controls (10%); in contrast, there was relatively little apoA-II in this fraction in patients (7%) or controls (2%). The kinetic curves of apoA-I in the density subfractions are illustrated in Fig. 5 . ApoA-I in HDL2 (Fig. 5 A) and HDL3 (Fig. 5 B) was catabolized much more rapidly in the LCAT-deficient patients than in control subjects. In contrast, apoA-I in the lipid-deficient fraction was catabolized at a similar rapid rate in both normal subjects and the LCAT-deficient patients (Fig. 5 C) .
Discussion
The physiologic roles of LCAT in HDL metabolism, reverse cholesterol transport, and atherogenesis have not been definitively elucidated. Although rare, patients with genetic defects in LCAT may provide important insights into the function(s) of LCAT in humans. Complete (classic) LCAT plasma, results in corneal opacities, anemia, proteinuria, and renal insufficiency (23 (58) reported that the large discs contained both apoA-I and apoA-II, whereas the small spheres contained primarily apoA-I. The small spherical particles have a density of 1.16-1.25 g/ml and contain 2 mol apoA-I per particle (60) . In addition, a subclass of the large discoidal particles are rich in apoE (61) (62) (63) and probably contain relatively little apoA-I or apoA-II. Norum et al. (64) demonstrated that incubation of LCAT-deficient HDL particles with purified LCAT resulted in the formation ofparticles intermediate in size between the large and small lipoproteins. Incubation of the small spherical particles alone with LCAT resulted in an increase in particle size (60) . Studies of plasma HDL in patients with Fish-eye disease are less extensive but suggest that similar types of lipoprotein particles exist in this disorder. Electron microscopic analysis of HDL from the original patients revealed two major subpopulations: large discoidal particles 17.4 nm in width and small spherical particles 7.6 nm in diameter (65), a finding confirmed by nondenaturing gradient gel electrophoresis. These combined results indicate that there are two major classes of HDL particles in classic LCAT deficiency and Fish-eye disease: large discoidal particles in the HDL2 density range containing apoA-I and apoA-II, and small spherical particles in the small HDL3 to d > 1.21 g/ml range containing apoA-I without apoA-II. The small particles containing only apoA-I resemble small LpA-I particles preparatively isolated from normolipidemic subjects (66) . It has been suggested that the HDL isolated from LCAT-deficient patients may represent nascent HDL particles. Similar particles have been isolated from perfusates of rat (67, 68) and monkey (69) livers, from rat mesenteric lymph (70) , and from HepG2 cell media (71, 72) . HepG2 cells were found to secrete large discoidal LpA-I:A-II particles up to 17 nm in diameter enriched in free cholesterol and small spherical LpA-I particles < 8 nm in diameter containing much less free cholesterol (72) . These findings are consistent with the descriptions of HDL particles present in the plasma of classic LCAT-deficient and Fish-eye disease patients.
The studies reported here establish the mechanism for low levels of apoA-I and apoA-II in classic LCAT deficiency and in Fish-eye disease. ApoA-I and apoA-II are very rapidly catabolized in both complete as well as partial LCAT deficiency, with little difference between these two disorders in their apolipoprotein kinetics. Furthermore, in contrast to normal subjects, apoA-II is catabolized significantly faster than apoA-I in these disorders. The results from radiotracer kinetic studies were supported by the data obtained with endogenous labeling of apoA-I and apoA-II using D3-leucine. In normolipidemic subjects, the catabolism of apoA-II is slower than that of apoA-I (3-6). Although one study reported that apoA-II catabolism was faster than apoA-I in hypertriglyceridemia (73) , three other studies were not consistent with this observation (74) (75) (76) . In classic LCAT deficiency and Fish-eye disease, the faster catabolism of apoA-II than of apoA-I is not secondary to hypertriglyceridemia, in that three of the patients we studied had normal plasma triglyceride levels. Therefore, the underlying defect in LCAT itself is the basis for the rapid apoA-II catabolism. In classic LCAT deficiency, the fraction of plasma and HDL unesterified to total cholesterol is much higher than normal, and the excess of HDL unesterified cholesterol has been postulated to play a causal role in the abnormal HDL metabolism. In some cases ofFish-eye disease, the LCAT activity associated with HDL is reduced but the LCAT activity associated with apoB-containing lipoproteins is preserved (23, 77) . The fraction of plasma cholesterol which is unesterified is not nearly as elevated as it is in complete LCAT deficiency (37, 38, 78) . Even within HDL, the fraction of unesterified cholesterol is not as high, (37, 78, 79) , presumably due to transfer of cholesteryl ester into HDL from apoB-containing particles. Therefore, ifthe rapid catabolism ofapoA-I and apoA-II in complete LCAT deficiency were due simply to the high fraction of unesterified cholesterol in HDL, the kinetics of apoA-I and apoA-II should not be affected to the same extent in the more subtle syndrome ofpartial LCAT deficiency. However, we found that the catabolic rates of apoA-I and apoA-II in the partially LCAT-deficient patients were as rapid as those in complete LCAT deficiency. The production rates of both apoA-I and apoA-II in the LCAT-deficient patients were within the normal range, indicating that hypercatabolism is the sole cause of the low apoA-I and apoA-II levels in these disorders. These findings provide insight into the role ofLCAT in the regulation ofHDL metabolism and indicate a specific effect of LCAT deficiency on the metabolism of apoA-II-containing lipoproteins.
The kinetics of apoA-I in two siblings with LCAT deficiency were reported recently by Gylling et al. (80) . These siblings had apoA-I levels 28% and 45% of normal and apoA-II levels 20% and 32% of normal. The apoA-I residence times were 0.99 and 3.48 d, respectively, with apoA-I production rates which were higher than normal in one case and lower in the other case. The reason for the marked difference in apoA-I kinetics between the two siblings was not clear. Our results indicate that the apoA-I catabolic rate in LCAT deficiency is approximately two to three times that in normal subjects, in between those ofthe two patients reported by Gylling et al. (80) .
In order to gain further insight into the accelerated catabolism of apoA-I and apoA-II, we analyzed the catabolism of apoA-I on LpA-I and LpA-I:A-II classic LCAT deficiency and Fish-eye disease. We previously reported that in normal subjects apoA-I on the LpA-I particle is catabolized at a faster rate than apoA-I on the LpA-I:A-II particle ( 11) . We investigated the lipoprotein particle metabolism in patients with classic LCAT deficiency and Fish-eye disease by isolating LpA-I and LpA-I:A-II from plasma samples at different times after injection. In contrast with normal subjects, the apoA-I on LpA-I:A-II was catabolized at a much faster rate than apoA-I on LpA-I in the LCAT-deficient patients. This finding, combined with the overall more rapid catabolism ofapoA-II than apoA-I, suggests that in LCAT-deficient states LpA-I:A-II is catabolized faster than LpA-I and is consistent with the very low levels of LpA-I:A-II we found in the LCAT-deficient patients compared with LpA-I. These results provide additional support for the concept that LpA-I and LpA-I:A-II are metabolically distinct particles which have divergent in vivo metabolism.
Other investigators have found differences in LCAT activity between LpA-I and LpA-I:A-II. A greater fraction ofplasma LCAT was associated with LpA-I rather than LpA-I:A-II despite the fact that the former is in lower concentration in normal subjects (81 ) . LpA-I:A-II, but not LpA-I, required apoBcontaining lipoproteins in order to be transformed by the action of LCAT (82) . Finally, LDL-derived free cholesterol was first transferred to large HDL2 particles (83) ; in contrast, small LpA-I particles were the primary acceptors of free cholesterol from fibroblasts (84) . These data suggest that LpA-I:A-II may be the preferred particle for the LCAT-mediated esterification of free cholesterol derived from apoB-containing particles and support the concept that LCAT deficiency could have different effects on the metabolism of LpA-I and LpA-I:A-II.
We also analyzed the distribution and kinetics of apoA-I and apoA-II in the HDL density subclasses in the LCAT-deficient patients. A substantial quantity of radiolabeled apoA-I and apoA-II were isolated in the HDL2 and HDL3 density ranges, whereas a large amount ofapoA-I, but not apoA-II, was present in the lipid-deficient (d > 1.21 g/ml) fraction. In normal subjects, the catabolism ofapoA-I in HDL2 and HDL3 was slower than in the d > 1.21 g/ml fraction. In the LCAT-deficient patients, the catabolism of apoA-I in HDL2 and HDL3 was much faster than in normal HDL2. In contrast, the catabolism of the apoA-I in the d > 1.21 fraction was similar to that seen in normal subjects.
Based on this data, we propose the following working model for HDL metabolism in complete and partial LCAT deficiency. The large discoidal particles found in these disorders contain both apoA-I and apoA-II and represent the majority of the LpA-I:A-II particles in the plasma. In the absence of active cholesterol esterification, these particles are very rapidly catabolized, possibly due either to their discoidal structure, apoE content, or altered apoA-I or apoA-II conformation. These large particles are unlikely to participate actively in cholesterol removal from peripheral cells. In contrast, small spherical particles containing only apoA-I represent the majority of the LpA-I particles in the plasma of LCAT-deficient patients. These particles are similar in size to those isolated from normal plasma (66) and are catabolized at a rate similar to that of small LpA-I particles in normal subjects. Given their size, lipid, and apolipoprotein composition, these small particles may be important in promoting cholesterol efflux from cells and maintaining effective reverse cholesterol transport in LCAT-deficient patients.
These results are of interest in light of the fact that neither classic LCAT deficiency nor Fish-eye disease is associated with an increased risk of premature atherosclerosis, despite the very low plasma levels of HDL cholesterol and apoA-I (23). It has been proposed that LpA-I may be a specific antiatherogenic particle within HDL; LpA-I:A-II may even be antagonistic to the effects of LpA-I (16) (17) (18) . In this context, it is interesting that classic LCAT-deficient and Fish-eye syndrome patients have extremely low levels of LpA-I:A-II and only moderately decreased levels of LpA-I, due to the selective effect of LCAT deficiency on the catabolism of LpA-I:A-II particles. It is possible that because the LpA-I system is relatively preserved and the ratio of LpA-I to LpA-I:A-II increased, the risk of premature atherosclerosis is not substantially increased in these disorders.
In summary, our results establish that markedly accelerated catabolism of apoA-II and LpA-I:A-II occurs not only in the severe clinical syndrome of complete (classic) LCAT deficiency, but also in the more subtle condition of partial LCAT deficiency (Fish-eye syndrome). These results indicate that LCAT deficiency has a selective effect on the metabolism of lipoproteins containing apoA-II and suggest that conditions of low HDL due to increased catabolism of LpA-I:A-II may not be associated with a substantially increased risk of premature coronary heart disease.
